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INTRODUCTION

Polyurethane foam (PUF) roofing systems have been used more fre-
quently over the past decade, not only in the private sector but also at
Naval shore bases. However, as with any new material, problems have
occurred. When these roofing systems were first introduced, mistakes
were made in their specification and application. Frequently, the roofs
were installed and forgotten (i.e., there was no inspection and preventive
maintenance program). Both of these factors led to many problems and a
consequent high rate of failure.

PUF degrades when exposed to sunlight and must be protected by a
suitable elastomeric coating system. If the elastomeric coating is
applied too thin, is subjected to excessive mechanical damage, or has
weathered excessively, it tends to spall or flake from the substrate,
exposing the foam. When this happens, the surface must be recoated as
soon as possible. If this is not done, the roofing system deteriorates
and eventually fails as a result of ultraviolet (UV) degradation and
water absorption into the degraded foam.

At some point in time, generally 6 to 12 years after application,
the elastomeric coating systems will weather (age) to the point where
maintenance is required to provide continued protection to the foam.
When properly applied and protected, PUF should perform its required
function as a roofing system for a minimum of 20 years. With the high-
quality elastomeric coating systems that are currently available, it
should be possible to obtain 20 years of service with only one recoating.
Even higher quality coating systems are under development, and it is
anticipated that some of these may perform well for the entire 20-year
period. These life expectancies are predicated on an annual inspection
and preventive maintenance schedule during which minor repairs are made.
Without annual preventive maintenance, it is anticipated that the normal
PUF elastomeric coating systems will perform for 6 to 10 years. With
annual preventive maintenance, the life expectancy should be 8 to 12 years
before recoating is required.

While there are numerous procedures and materials currently available
for maintaining built-up roofing (BUR) systems, there are no standardized
procedures for maintaining PUF roofing systems. The actual procedures
employed are determined by the knowledge and ingenuity of the individual
contractor. The objective of this research is to (1) investigate existing
maintenance procedures for PUF roofs; (2) develop new maintenance procedures,
materials, and methods for PUF roofs; and (3) standardize the best
procedures for Navy use. This report summarizes the research that was
carried out on maintenance of PUF roofing systems and provides preliminary
guidelines (see Appendix) for properly maintaining these roofing systems.



.' BACKGROUND

Over the past 15 to 20 years, maintenance of roofs and roofing
systems has become an ever-increasing problem. The problem with BUR
systems has been compounded by changes in the composition of bitumen and
felts, by material shortages, by poor workmanship, and by other factors

- *-.that lead to poor performance and short service life of these waterproof-
ing systems. This problem was emphasized by an Air Force report that
BUR systems designed for a 20-year life are performing an average of
12 years (Ref 1). According to the National Bureau of Standards (NBS),
about 15% of BUR systems fail within 5 years after construction, and
indications are that within the Department of Defense (DOD) the rate of
failure is even higher. Part of the shortened service life must be
attributed to a lack of proper maintenance procedures and funding for
roof maintenance programs. The best information available indicates
that the annual maintenance cost for roofs at Naval shore activities is
over $25 million.

Because of the increasing seriousness of the roof maintenance
problem, the Naval Civil Engineering Laboratory (NCEL) was tasked by the
Naval Facilities Engineering Command (NAVFAC) to investigate roofing
systems under YF54.593.01l.O1.00l, '"Investigation of Roofing Systems for
Maintenance of Naval Shore Structures." (The work is currently being
conducted under Y0995-01-004-610, "Roofing Inspection and Maintenance.")
This research was to be directed toward all areas of roofing problems.
The objective of the investigation was to provide a significant reduction
in maintenance costs for roofing systems at Naval shore bases by defining
existing problems and identifying conventional and new materials and
methods that might eliminate or alleviate these problems. An extensive
survey of Naval shore bases was conducted in different climatic areas to
define and delineate the most recent roofing problems (Ref 2).

The experimental program was to cover a broad spectrum of roofing
problem areas that were either known or would be delineated by the
roofing survey. In pursuing this aspect of the program, funds were
provided to NBS to provide a state-of-the-art report on the effect of
moisture on BUR (Ref 3). In addition to this contractual effort,
support was also provided to the U.S. Bureau of Reclamation (USBR)
Research Laboratories to aid in the preparation of a report on an
extensive research effort that USBR had conducted earlier on new roofing
systems (Ref 4).

teEarly in the NCEL roofing research program, NAVFAC requested that
teLaboratory cooperate with the Northern Division of NAVFAC (NORTHNAVFAC)

to develop and carry out an experimental field investigation of spray-
applied PUF roofing systems at the Naval Reserve Center (NRC), Clifton, N.J.
Reports of that investigation are presented in References 5 and 6.
Because of the requirement to assist in the development of plans for the
experimental field investigations of PUF roofing systems at NRC Clifton,
the original experimental roofing investigations at NCEL were directed
toward: (1) PUF roofing materials, and (2) coatings for protecting the
PUF from weathering. This resulted in an interim report describing
experimental weathering and laboratory studies of these relatively new
roofing materials (Ref 7).

Since this initial work, much has been learned about these materials,
their proper specification, and proper application. The industry has
advanced, and much needed guidance is available to provide background

2
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information on materials and procedures necessary to obtain a good,
long-lasting foam roofing system. Current guidelines for the design,
specification, and installation of PUF roofing systems are available in
NCEL publications (Ref 8 and 9) and Urethane Foam Contractors Association
(UFCA) publications (Ref 10). These guidelines can be used until Navy
Facility Guide Specification NFGS-07545, "Sprayed Polyurethane Foam for
Roofing Systems" (pending), is issued. Navy Type Specification TS-07540
covers the use of silicone rubber coatings for protecting PUF. This
type specification is scheduled for revision and updating in the near
future and should also include catalyzed urethane coatings. As a result
of NCEL's experience with PUF roofing systems, the initial maintenance
effort was directed toward these unique materials.

SCOPE OF WORK

A study of roof maintenance procedures used by contractors indicated
that the most frequently used method of foam repair is to broom the
coated PUF roof, air blow* to remove dirt and deteriorated coating, and
recoat with a suitable coating. This procedure involves the least
amount of effort and is the least expensive. Brooming is frequently a

NA, ~satisfactory maintenance procedure as long as a large percentage of the
existing coating is intact and little, if any, degraded foam is exposed.

i A more radical procedure consists of complete removal and reapplication
of the PUF roofing system. This is only necessary when the existing PUF
is so badly degraded that it no longer serves its proper function as a
roofing system.

In between these two extremes, there are several other possible
procedures. Procedures investigated in this study include the following:

1. Broom the existing surface and recoat with a suitable elastomeric
coating system. This is a minimum procedure.

2. Broom the existing surface, prime, and recoat with a suitable
elastomeric coating system. Priming may be required to provide proper
bonding of the elastomeric coating or to stabilize a weathered foam
surface.

3. Broom the existing surface, apply a new lift of foam, and coat

with a suitable elastomeric coating system (as with a new foam roof).

4. Broom the existing surface, prime, apply a new lift of foam,
and coat with a suitable coating system. Priming may be required to
obtain a good bond between the foam and the existing roof surface.

5. Shave or sand the existing surface to remove bad coating and

e.. foam (until only good-quality foam remains). Blow off or vacuum all
dust, and coat with a suitable elastomeric coating system or prime and

%e *Whenever the foamed roof surface is broomed, any loose residual dirt

is blown off with compressed air that is free of oil and water.

3



coat with a suitable coating system. Priming may be required to obtain
proper bonding of coating to foam or to stabilize the sanded foam
surface.

6. Shave or sand the existing surface to remove bad coating and
foam (until only good-quality foam remains). Blow off or vacuum all
dust, apply a new lift of foam, and coat with a suitable elastomeric
coating system, or prime, apply a new lift of foam, and coat with a
suitable elastomeric coating system. Priming may be required to provide
a better bond between the new foam and the sanded foam surface or to
encapsulate any remaining dust.

All of these procedures were investigated to disclose their limita-
tions and to determine which are most effective under different prevailing
roof conditions. It is expected that the choice of maintenance method
for any given roof will be dictated by the condition on that particular
roof at the time. At times, two or more methods might be required on a
roof to obtain the most effective results.

In addition to the maintenance procedures mentioned above, localized
roof repairs may be required. For instance, small areas up to 10 ft2 of
poor-quality or water-saturated foam may need replacement. This type of
repair is easily accomplished by removing the bad foam and replacing it
with new foam applied either by a foam spray unit or by using single- or
two-package "canned" foam units.

Annual preventive maintenance procedures should extend the effective
life of PUF roofs. Techniques and materials for performing this annual
maintenance are included in this investigation. Finally, some of the
elastomeric coatings used on foam may present special problems when they
require recoating; this aspect was investigated.

EXPERIMENTAL INVESTIGATIONS

Research directed toward development or selection of optimum main-
tenance methods for PUF roofing systems was conducted both in the
laboratory and in the field. To provide weathered PUF roof test panels
on which to perform experiments, 1-1/2 inches of Witco SS-0125A/SS-0126B
foam (3-pcf density) was spray-applied to eight 4- by 8-foot sheets of
1/2-inch plywood. The foam was coated with one of the following materials:

" TT-P-95, Type 1, a rigid chlorinated rubber coating normally
used for exterior concrete and masonry (three panels)

" TT-P-19, an acrylic latex coating normally used for exterior
wood or masonry (two panels)

" TT-P-29, a latex coating for interior surfaces (three panels)

These particular coatings were selected because they had been used
unsuccessfully on PUF roofs at several Naval activities before it was
recognized that elastomeric coatings are required to accommodate the

4
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large expansions and contractions experienced by PUF roofs. The rigid
coatings applied over PUF roofs at field activities had failed from
6 months to 2 years after application. The eight panels coated with the
three systems listed above were placed on outdoor exposure racks at
NCEL's experimental weathering site at the Naval Weapons Center (NWC),
China Lake, C,.lif.*

471 Unfortunately, these coating systems performed better on the
4- by 8-foot test panels than on roofs at the other locations. After

19 months of field exposure, only three of the eight panels (TT-P-95
coated) had deteriorated sufficiently to be included in the maintenance
research study at that time. The other five panels were transferred to
the NCEL marine weathering site at Port Hueneme, Calif. Since the
research could not be delayed until the 4- by 8-foot panels were ready,
another approach was taken and the work was divided into five phases as
shown below.

Phase 1 - Maintenance of Four Failed Test Panels of PUF Syste..s Taken
From Each of Three Experimental Sites (12 Panels Total)

In order to proceed with the initial investigation as soon as
possible, it was decided to utilize PUF roofing system panels that were
included in another portion of the NCEL roof research program. Four of
the systems described in Reference 2 and exposed at each of the three
NCEL experimental weathering sites had either failed or were nearing
failure after varying periods of exposure. These 12 systems and their
conditions are listed in Table 1 and shown in Figures la, lb, 1c, and
Id. A study of these figures shows that the condition of the systems
varied considerably, due both to the different generic types and to the
particular exposure site at which the systems were exposed. However,
all 12 systems were considered to be in need of maintenance and were
used in the investigation. The variation in the sample condition aided
the study in permitting the use of several of the procedures listed
under the SCOPE OF WORK section.

As with many other systems, proper surface preparation is the most
* important consideration in the maintenance of PUF roofing systems. If a

deteriorated PUF roof surface is improperly prepared, it is highly
unlikely that any maintenance procedure will be effective. As noted in
the SCOPE OF WORK section, many different procedures for cleaning the
PUF coating or otherwise preparing the PUF roof surface are included in
the investigation in order to determine their relative effectiveness.
These procedures involve tools or equipment for brooming, shaving, and
sanding a degraded PUF roof surface. The different types of brooming
equipment included in the overall investigation are shown in Figure 2.
All of these except the long-bristled, heavy-duty push broom were used

*NCEL has experimental weathering sites at the following locations:

(1) NCEL (marine weather); (2) NWC, China Lake, Calif. (desert site);
and (3) Marine Corps Mountain Warfare Training Center (MCMWTC), Pickel
Meadows, Calif. (cold weather site).

5



in the Phase 1 brooming operations. The equipment investigated for

sanding and shaving is shown in Figures 3a and 3b. The sander is a
heavy-duty, electrical disk sander, while the shaver is a 24-inch foam
plane manufactured by Gusmer Corporation for shaving foam applied between
studs in a wall. A similar piece of equipment, Quick Plane 2116, manufac-
tured by Grand Rapids Scarfer Company, has recently been received and
will be tested in the near future. The only other known equipment
marketed specifically for shaving or preparing deteriorated PUF roofing
surfaces is also marketed by the Grand Rapids Scarfer Company. This
heavy-duty piece of equipment may be too heavy for use on many conven-
tional roof decks.

The procedures and materials used for maintaining the 12 deterio-
rated systems and their new system numbers are given in Table 2. The
reconditioned PUF roofing systems were coated or recoated with a two-
component (catalyzed) urethane elastomer applied in two coats. Br' the
black base coat and the oyster white topcoat were applied at the _e of
1-1/2 gal/l00 ft2 to give an estimated total dry film thickness
30 mils.

The experimentally maintained PUF panels of Phase I have be
exposed at the Port Hueneme site for about 5 years. Photomacrog P' of
the maintained surfaces were taken initially and periodically as
systems weathered until the samples mentioned below were cut. Only one
panel of each of the systems was prepared and exposed initially. Because
of this, samples were not cut from these specimens for adhesion testing
until they had been exposed for about 2 years, and approximately on an
annual basis thereafter. The performance of each of the treatments was
also rated, generally on an annual basis. After 4 years of weathering,
additional small samples were cut from samples 7F-I and 8F-1. During
the maintenance procedure both were sanded to good-quality bare foam,

a", 8F-1 was primed, and both were then refoamed. These samples were taken
to determine if use of a primer improved the bonding character of the
new foam to the old foam.

Phase 2 - Maintenance of 12 Coated and 8 Uncoated PUF Test Panels

Each of the three 4- by 8-foot foamed panels coated with TT-P-95
were cut into four equal sizes of 2 by 4 feet. The TT-P-95 showed
mudcracking, crazing, flaking, and line cracking. In addition, foam had
been spray-applied to eight 2- by 4-foot plywood panels that had been
allowed to weather uncoated until the foam surfaces had degraded. These
eight uncoated panels were used in surface preparation studies involving
sanding. In all, 20 test panels were used.

All six of the experimental maintenance procedures were included in
this phase of the investigation. The procedures, equipment, and materials
employed in this phase are listed in Table 3 for each of the maintained
PUF systems. The coating system used with this group of panels was
Diathon, an acrylic latex elastomer applied in two coats at 1-1/2 gal/
100 ft2/coat (30 mils wet film thickness per coat). The degraded surfaces
(TT-P-95) of syst ms 9F-1,2 and 1OF-1,2 were thoroughly broomed with a
rattan push broom (Federal Specification H-B-71). The surfaces (TT-P-95)
of systems 11F-1,2 through 14F-1,2 were brushed with the two hand brushes
(such as a GI brush) shown in Figure 2 to determine the relative cleaning

6



effectiveness of brooming and brushing. The degraded uncoiLed foam
surfaces of systems 15F-1,2 through 18F-1,2 were sanded with a heavy-duty
disk sander to remove all degraded material, exposing a good-quality
sanded foam surface. Following the surface conditioning, all loose foam
material and dust were removed by blowing the surface with an air hose.
Duplicate panels of each of the maintenance systems were prepared for

4 Phase 2, and all panels have been exposed at the Port Hlueneme site for
about 4 years. A small section of each of the duplicate panels was
removed periodically and returned to the laboratory to determine perfor-
mance characteristics. Physical properties, such as coating and foam
adhesion over unprimed and primed surfaces, were determined annually.
These characteristics are described in Reference 7. In addition,
photomacrographs were taken initially and at 6- to 12-month intervals as
the systems weathered, and the systems were inspected and rated annually.

Phase 3 -Maintenance of Family Housing Roofs at the Naval Air Station
(NAS), Lemoore, Calif.

j4
NAS Lemoore, Calif., had foamed the roofs of about 108 of their

family housing units in the late 1960s. These were flat-roofed units
that had built-up roof (BUR) systems that were leaking. Since the roof
decks were nearly level, the gravel was removed from the BUR and a

.1 course of lightweight concrete was added to provide slope. The roofs
ft

were then foamed with 3/4 to 1 inch of 2-lb/ft density foam and coated.
The housing unit roofs were foamed in two different groups, with a
different coating system used in each group. One of these coatings was

an aluminum asphalt; records were not available to determine the generic
type of the second coating system. In any event, it did not appear to
be elastomeric.

Considering that these roofs were 7 to 8 years old when inspected
by NCEL personnel in 1977, the coated foam was in relatively good condition

* overall. The coating had spalled from the foam in a number of small
areas on each housing unit roof, permitting the foam to degrade. However,
degradation was limited to the surface of the foam and had not progressed
to any appreciable depth into the foam. Scraping the degraded foam with
a knife blade uncovered good-quality foam a short distance beneath the
surface. In addition, a number of small blisters approximately 4 to
6 inches in diameter were evident between lifts on many of the roofs.
The blistezs were probably caused by perspiration dropping from the foam
applicators on one lift of foam as the next lift was being applied.

Station personnel did not want to remove the old foam because this
operation might affect the integrity of the lightweight concrete. As a
result it was recommended that degraded coating and foam be removed by
shaving or sanding, the exposed foam surface primed, and 1-1/2 inches of
new foam applied and protected with an acceptable elastomeric coating
system with granules. The contract specifications were prepared according
to this recommnendation.

The roofs were refurbished in the fall of 1977 in accordance with
the contract specifications mentioned above. The degraded foam and
coating on most of the roofs were removed with a heavy-duty disk sander
(see Figure 4). The blisters mentioned above were removed in a similar
manner. With the remainder of the roofs, the sanding disks tended to

7



clog when removing the coating. As a result, it was necessary to use a
BUJR spudding machine to remove the coating and a small amount of the
foam. Since this left a very rough surface, the remaining foam was
sanded lightly to give a surface similar to that obtained when diisk
sanding only was used.

After the sanding was completed, all loose foam and dust were blown
from the roof with an air hose, and the existing foam was given a tiecoat
of hydrocarbon primer used principally to assure good bonding between
old and new foam. Following the priming, an additional 1-1/2 inches of
new foam (3-lb/ft3 density) was applied (Figure 5). Then a catalyzed
urethane was applied in three coats, with each coat applied at the rate
of I gal/100 ft2. Mineral roofing granules were broadcast into the wet
topcoat at the rate of 50 lb/100 ft2 . The dry film thickness of the
coating was approximately 30 mils. An overview of a finished roof is
shown in Figure 6.

*As the work at NAS Lemoore progressed, an attempt was made to
*incorporate several of the six NCEL maintenance procedures into the

program. Procedure No. 6 (i.e., sand, prime, foam, and coat) was being
used on most of the housing units by the contractor. However, by the

*time the contractor had agreed to try some of the other procedures,
there were only two roofs left to complete. As a result, only procedure
No. 6 was included. In general, the work progressed well, resulting in
satisfactorily maintained roofing systems.

Phs 4-Test and Evaluation of Repair Methods for Small Areas of P1W

Sysemsatthe Naval Reserve Center (NRC), Clifton, N.J., and NCEL

Tes Site

The first three phases of the investigation described above were
directed toward maintenance of the entire deteriorating PUF roofing
system. Many times only small areas of a foam roof (i.e., 1 to 10 ft2 )
require maintenance. These usually occur when there is some deficiency
in the quality of the foam caused by: (1) the two components of the
foam being off ratio when dispensed, (2) the foam sustaining mechanical
damage following application, or (3) the foam becoming wet. In such
cases, it is generally necessary to remove the affected foam down to the
roof deck, refoam, and coat the newly foamed patch. When P1W spray
equipment is available, patching of small areas presents few problems.
However, if proper equipment and trained personnel are not available,
other procedures must be used. This phase of the investigation was
directed toward the small patch repair.

As noted above, with foam spray equipment and experienced personnel,
patching repairs are simple and easy. Such repairs are described in

Reference 5, where approximately 15 to 20 ft2 of spongy foam was removed
from the test roofs at NRC Clifton, N.J., replaced with new foam, and

* coated. This provided a monolithic roofing system that would perform
the same as a new roofing system.

The patching investigation on the test roofs at Clifton, N.J., was
initiated for two reasons. First, as noted in Reference 5, birds had
removed from 1-1/2 to 2 ft2 of foam from beneath the coating near the
gravel stops. Second, it was necessary to remove samples of I ft2 of
foam from each of the five PUF roofing systems at the Clifton site to
determine the insulating characteristics of the foam after weathering
for 5 years.
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When PUF spray equipment is not available, other sources of PUF,
such as canned foam or foam boardstock, must be used. Canned foam is
available in two forms: (1) sing)--component (one can), where the foam
reacts with atmospheric moisture to cure; and (2) two-component (two
cans), in which the components react to cure. The single-component foam
must cure about 24 hours before it can be sanded. The two-component
foam is sufficiently well cured in 1 to 2 hours to enable it to be
sanded.

There are a number of single-component foams available in conven-
tional spray can containers. Two of these were included in this
investigation: (1) UFC Handi-Foam, manufactured by United Foam
Corporation, Compton, Calif.; and (2) Polycel One, manufactured by
Coplanar Corporation, Oakland, Calif. There are only two two-component
foam materials known to NCEL. These are Froth-Pak, manufactured by
Insta-Foam Products, Inc., Joliette, Ill.; and Versifoam, manufactured
by Universal Foam Systems, Cudahy, Wis. The Froth-Paks were included in
the investigation. The two-component foam is available in three different
container sizes, the smallest of which is the conventional paint spray
can (approximately 12 fluid ounces). The two cans each have a plastic
tube that is connected into a plastic nozzle. When the trigger on the
Froth-Pak is activated, the two liquid components meet and are mixed as
they pass through and are dispensed from a special plastic mixing nozzle.
Both the single- and two-component foams extrude from the cans as a
froth (like shaving cream). The foams then expand about 50% as they
cure. Plastic nozzles are available for spraying as well as for frothing.

Both single- and two-component canned foams were investigated at
the NRC Clifton test site. Additional tests were conducted at NCEL in
areas where PUF samples were removed for thermal conductivity measurements.
The NCEL tests involved the two-component canned foam and either PUF or
styrofoam insulation board that was cut to the approximate size of the
foam removed from the roof. The shaped boardstock was then set into
four or five beads of caulking material that had been applied to the
roof deck, the area between the boardstock and the adjacent foam was
caulked, and the surface of the foam was protected with a proper caulking
material or coating. The use of both canned foam and foam insulation
boardstock for patching is shown in Figure 7.

Phase 5 - Maintenance of Aged PUF System Test Panels Taken From NWC
China Lake and MCMWTC Pickel Meadows, Calif., Test Sites

Concern has been expressed in the industry that the silicone coatings
are difficult to recoat when it is necessary to maintain this type of
coated PUF roofing system (i.e., the new silicone coating does not
adhere well to the old silicone coating). To determine the validity of
this concern, two 2- by 4-foot experimental panels that had been coated
with a single-component moisture-cured silicone were returned to NCEL
for an additional maintenance operation. One of these panels had been
exposed at the NCEL experimental weathering site at NWC China Lake,
Calif., while the second had been exposed at another NCEL site at MCMWTC
Pickel Meadows, Calif. These two systems had been exposed for 8 years
at these two sites and were in excellent condition. The only deterio-
ration noted was very light checking of the silicone (1/8 to 1/4 inch in-
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length) that occurred in the bottom of the valleys of the surface texture
of the coating. This checking had occurred when the coating was first
applied and had not progressed or changed in nature on weathering. The
checking did not penetrate through the coating into the foam.

The two panels were each divided in half, and four different surface
treatments were tried, one on each half of the panel, prior to recoating
the surface with new silicone coating. These surface treatments included:

Panel 1.

System 19F-1 - The surface of the existing weathered silicone
was thoroughly broomed (as might be done with power brooming) to remove
all adhered dirt from the silicone.

System 19F-2 - The surface of the weathered silicone was
thoroughly broomed while washing with water to remove all adhered dirt.
The surface was then washed with clean water and allowed to dry completely.

Panel 2.

System 20F-l - The surface of the weathered silicone was
washed with a pressure water spray (approximately 170 psi) to remove
adhered dirt and allowed to dry completely.

System 20F-2 - The surface of the weathered silicone was
washed and scrubbed with water and trisodiun phosphate (TSP) detergent,
washed with clean water, and allowed to dry completely.

The cleaning operations all gave good clean surfaces. However, the
panel that was washed with TSP appeared to be the cleanest. The cleaned,
dry surfaces were then topcoated with two coats of moisture-cured silicone
applied by spray at the rate of 1 gal/10O ft2/coat. Small samples were
cut from these panels to determine the adhesion of the new coating to
the old coating before the systems were exposed and after 6 months of
weathering at the Port Hueneme experimental weathering site.

RESULTS AND DISCUSSION

Interim results on these maintenance studies after a little over
2 years of weathering on the PUF maintenance panels were presented in
Reference 11. Reference 11 also presented interim procedures for main-
taining foam that could be used pending additional investigation. This
current report presents results of a 5-year laboratory and small-scale
field study along with preliminary guidelines for maintaining foam roofs

4 (see the Appendix). These preliminary guidelines will become recommended
criteria following their use in full-scale field maintenance operations.
Each phase of the investigation is described below.

Phase 1

As noted earlier in the report, the condition of the 12 weathered

* 4,systems used in this phase varied. For all practical purposes, no two
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systems were in the same condition. Because of this, it was not
possible to have duplicates as in Phase 2; only qualitative information
was obtained from this series for the first 28 months. Thereafter,
small samples were cut from each of the panels for the adhesion tests
mentioned earlier. Results of the inspection of these systems for
performance during the 5 years of weathering are given in Table 4.

The three methods used in this phase for preparation of the
surfaces were brooming, sanding, and shaving. All 12 panels were first
broomed to determine the effectiveness of this technique. This treat-
ment was relatively effective only on system IF-1. It was also the only
treatment used on systems 1F-2 and 2F-1. This was done because the
authors have seen P1W roofs with this degree of deterioration merely
broomed and coated, and wanted to determine if this was a satisfactory
treatment. Figures 8 and 9 show system 1F-2 after brooming and coating,
respectively. As noted in Table 4, brooming is not an effective treatment
for surfaces that have a moderate percentage of flaked coating.

System lF-l did not have as much of the original urethane coating
spalled from the foam as systems 1F-2 and 2F-1. As a result, system
IF-i was performing better than the other two and was rated as good;
system IF-2 (see Figure 10a and b) was rated as failed and system 2F-1
was rated poor, respectively, after 5 years of exposure. System IF-2
had absorbed water after 1 year of exposure. The slightly better per-
formnance of system 2F-1 (see Figure 10c) over system IF-2 (Figure 10b)
is attributed in part to the use of a primer, which improves the adhesion
of the new coating to the old coating (compare adhesive properties for
systems 2F-1 and IF-2 in Table 5).

Where the old coating was mostly intact, as with system IF-i,
brooming was found to be an effective surface preparation. On the
remaining nine panels of Phase 1, brooming was found to be ineffective
because deterioration of the coating and foam surfaces was too advanced.

* Attempts were made to use the foam plane on these panels, but it did not
have sufficient cutting ability to remove these coatings, particularly
the moisture-cured urethanes. Even though some of these coatings were
badly deteriorated, the remaining portion was still quite rubbery and
tough. Only the disk sander was able to remove deteriorated P1W roofing
systems; it was also used to partially sand the most deteriorated portions
of systems 3F-1, 3F-2, 3F-3, 4F-1, and 4F-2. While the disk sander did
a relatively good job, it is not effective in removing deteriorated
rubberlike coatings, such as moisture-cured urethanes. A new, more
rugged foam planer that may be more effective has recently been received
and will be evaluated in the near future. This unit has a much heavier
blade than the one that was tested.

After 5 years of weathering, systems 3F-i and 3F-2 were providing
good to very good protection to the P1W panels. Less than 10% of the
old weathered coating had spalled before this maintenance was performed.
Where there were breaks in the original coating (i.e., where deteriorated
coating had been sanded to quality foam), the new coating effectively
bridged over the transition from foam to old coating. After 5 years of
weathering, some cracking of the maintenance coating was evident. This
minor cracking was more prevalent on system 3F-1 than on system 3F-2.
The third system in this group, system 3F-3, had failed after 5 years of
weathering. There were many interface areas of old coating to foam; the
maintenance coating was unable to bridge this transition and is cracking
around these areas.



System 4F-1 is providing good protection to the PUF after S years
of exposure. The old weathered coating on this panel had no more than
10% spalled areas, which had been sanded to remove degraded coating and
foam. This caused some cracking of the maintenance coating where it had
originally bridged these transition areas between sanded foam and old
coating. System 4F-2, on the other hand, had more than 40% spalling of
the original weathered coating, and about this percentage of the panel

* had been sanded lightly to good-quality foam. There were relatively few
breaks in the maintenance coating where it had been applied over areas
of transition from sanded foam to good-quality coating. System 4F-2 was
rated very good after 5 years of exposure.

A comparison of the adhesive characteristics of systems 3F and 4F
(Table 5) does not show a clear-cut advantage for either using or not
using a primer. The reason for this is believed to be the variability
of the substrate that was maintained. In some cases, the primer was
applied to the sanded foam, while in other cases it was applied to
weathered coating (i.e., variable test results may be caused by the
primer being applied over different substrates). It is emphasized that
there was no loss of adhesion of new coating to old weathered coating
with any of the systems mentioned above. The new coating was well
bonded to the old coating in every case.

Systems 5F-1 through 8F-l required complete removal of old deterio-
rated coating and foam using the disk sanders. As mentioned above, the
residual urethane elastomeric coatings (systems SF-i and 6F-1) are very

4 tough and abrasion resistant, and their removal with a disk sander is
not only time consuming but also tends to gum up the disk sanders,
requiring frequent changing of the disk. The weathered butyl-hypalon
systems (systems 7F-1 and 8F-1) were not quite as difficult to remove
because they have less abrasion resistance than the urethane elastomers.
Use of the heavy-duty foam scarfer may produce better results in such
situations.

Systems SF-i and 6F-1 both performed in an excellent manner, provid-
ing complete protection to the sanded foam substrate for up to 5 years
(see Table 4). The catalyzed urethane elastomer bonded very well to the
sanded foam surface except for a few blisters between the sanded foam
surface and the new coating. Use of the primer in system 6F-1 appeared
to have minimized the blistering, which is probably caused by isolated
larger cell structure at the sanded foam surface. The urethane primer

provided a definite improvement in adhesion of the coating to the sanded
foam surface, which may be increasing with continued exposure (see
Table 5). Application of a coating to a sanded or scarfed foam surface,
whether primed or not, is generally not recommended. However, these
results suggest that such a procedure would be acceptable in small,
isolated areas. When small areas are sanded to provide a smoother
surface, the sanded areas should be primed, and at least one additional
base coat beyond that specified for the total roof should be applied in
the sanded/primed area.

Systems 7F-1 and 8F-l have also performed in an excellent manner
for the 5 years of exposure. These two systems, sanded foam surface
that was refoamed and the new foam coated, were similar except for the
primer applied to the sanded foam of system 8F-1. Because of the new
foam catalyzed urethane coating system, these two systems would be

V~;
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"* expected to perform well. They were included to determine if priming of
the sanded foam surface is advantageous prior to refoaming. Data in
Table 6 for these two systems show that the adhesive character of the
new foam to old foam is enhanced by use of the primer.

Phase 2

The objective of this phase of the work was to obtain quantitative
data relative to the effectiveness of two levels of brooming and sanding,
as well as to determine whether or not it is advantageous to prime prior
to coating or foaming over old weathered coatings or over sanded foam
surfaces (see Table 3).

Two levels of brooming were investigated. The first, systems 9F-1
and 9F-2 and 1OF-I and 10F-2, utilized a rattan push broom, which did a
very effective job at cleaning dirt, chalk, loose coating, and deterio-
rated foam from the panels. The second treatment, designated as brushing,
was utilized on the remainder of the weathered TT-P-95 panels, including
panels IIF-I and IIF-2 through 14F-I and 14F-2. It was found that
brushing was not nearly as effective for removing products of PUF roofing
system deterioration as the rattan push broom.

The weathered uncoated foam panels were very easily and efficiently
cleaned of degraded foam using the disk sander (systems 15F-1 and 15F-2
through 18F-1 and 18F-2). Figures Ila through lld show the sanded,
primed, and coated panel of system 16F-2. Figure 12 shows system 16F-1
after 4 years of exposure. This system is performing well at this time.

The second panel of each series (i.e., 9F-2, lOF-2, etc.) was
returned to NCEL on a periodic basis, a small section cut off for adhesion
testing, the exposed surfaces coated, and the panel returned to the test
rack. The series has been exposed for a period of about 4 years. The
coating on those systems whose surfaces were prepared for recoating by
brooming or brushing (i.e., systems 9F-1 to 12F-2) showed a very slight
tendency to crack where the new coating bridged over cracks in the
original coating or over small spots where the original coating had
flaked from the foam. However, this was not serious, and all of the
systems in this series were providing excellent protection to the coated
foam substrate. One factor observed was that when an elastomeric coating
is applied over a sanded foam surface, the coating is more easily com-
pressed into the foam than when the coating is applied over a foam
surface with a skin (i.e., the skin tends to make the foam surface more
rigid). Thus, a coating applied over a sanded foam surface may be more
easily damaged. It is for this reason that sanding of the foam followed
by an extra heavy coating should be used only in small, isolated areas.

The effect of using a butyl primer on the adhesion of new coating
to a weathered coating surface or to a sanded foam surface is given in
Table 5. The data show lower adhesive values for the primed surfaces
than for the unprimed surfaces, which is a reverse of that found when
using the urethane primer in Phase 1. While the differences between the
adhesive values for primed and unprimed surfaces were substantial after
1 year of exposure, these appear to be reduced with additional exposure.
This suggests that the problem may involve solvents of the butyl primer
and solvent retention during the initial exposure period. The retained
solvent may tend to migrate out of the system with additional time of
exposure, thereby narrowing the difference in the adhesive value between
primed and unprimed surfaces.

13
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Application of the butyl primer over a brushed, weathered coating
and over a sanded foam surface prior to refoaming increased the adhesive
characteristics of the new foam to those surfaces (Table 6). The reason
for this is not clear since, as noted above (Table 5), the butyl primer
did not enhance the adhesive character of the acrylic elastomer coating
to the different surfaces. However, because of the lower incidence of
blistering when a coating is applied over a sanded foam surface, the
better adhesive character of new foam to old when using the butyl primer,
and the overall enhanced adhesion characteristics with the urethane
primer, use of a primer appears desirable.

Phase 3

The 108 PUF roofing systems on the family housing units at NAS
Lemoore, Calif., that were refurbished in the fall of 1977 have been in
place for almost 6 years. About two-thirds of these roofs are perform-
ing well and currently require little or no maintenance. Four to six of
the units have had moderate to extensive maintenance conducted recently
(i.e., blistered or delaminated foam, or foam that was wet or a poor
quality, was removed and the areas were refoamed and coated). The
remaining one-third of the 108 units have isolated examples of blistering,
foam delamination, cracking of the coating, or spongy foam (off-ratio
foam). These areas should receive proper and prompt maintenance as soon
as possible to prevent accelerated deterioration and failure of the
affected roofs. Maintenance procedures should include (1) cutting out
and removing any blistered, delaminated, poor-quality or wet foam;
(2) beveling the edges of cut-out areas; (3) allowing the area to dry if
wet; and (4) refoaming and coating new foam. Cracked or flaked coating
areas should be sealed with an appropriate caulking material. If the
existing coating is severely aged, these units should be recoated.

The actual reason for the problems in the PUF roofs showing early
deterioration has not been determined. However, it is believed to be
caused by the attempt to save as much of the original PUF roof as possible.
The original PUF had been applied over lightweight concrete, which was
used to provide slope over a flat BUR. Blistering or delamination of
the foam can be attributed to several factors: (1) moisture in the
original foam or in the lightweight concrete, (2) original foam too thin
after sanding, (3) poor bond between the original foam and the lightweight
concrete, or (4) questionable integrity of the lightweight concrete. In
all probability, the principal problem lies with number (3) or (4). If
the original foam is not well bonded to the lightweight concrete or if
the lightweight concrete does not have good integrity, stresses that

develop in the new foam as it ages could cause the foam to disbond from
the substrate, causing blistering or delamination problems.

The results to date on this refurbishing suggest that this is a
very satisfactory maintenance procedure. However, the problems that
have been observed indicate the requirement for a very rigorous inspection
of the original foam roofs once they have been scarfed or sanded to be
assured that the existing foam is dry and well bonded to a sound, dry
substrate. It would probably be prudent in such a case to have moisture
surveys of the roofs to establish that they are in fact dry. Considering
the good performance of the majority of these roofs, the alternative and
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considerable additional expense of a complete tear-off of the original
foam, the lightweight concrete fill, and the BUJR membrane, the procedure
used is considered a very viable alternative.

Phase 4

This phase of the investigation deals with maintenance of small
areas of a PUFh roof rather than the total roofing system. It is firmly
believed that this small maintenance activity should be carried out in
conjunction with annual inspections. During such inspections, very
small defects can be corrected with caulking material carried by the
inspector. During the annual inspections at the NRC Clifton test site
(Ref 6), it was a relatively simple matter to remove degraded coating/
foam areas from small spots on the roof and repair them on the spot with
either silicone or acrylic caulking material. Such a procedure often
prevents small problems from becoming large roof defects.

If a defect I ft2 or larger is found during the annual inspection
or noted at other times, it then becomes necessary to use the mainte-
nance procedures for small areas. As described in the EXPERIMENTAL
INVESTIGATIONS section, single- and two-component "canned" foams and
precut foam insulation boardstock were investigated.

The single-component "Handi-Foam" did not perform in an acceptable
manner. Although this froth foam filled the voids relatively well, the
cell structure of the foam was very irregular, resulting in extremely
poor physical characteristics and causing the applied coating to spall
within 1 year. The poor-quality patches and foam required removal and
replacement the following year. NCEL experience with Polycel I has been
more favorable in that it provides a better quality foam material with a
more uniform cell structure. It must be emphasized that the single-
component materials require a curing time of about 24 hours before they
can be shaped or coated. Where station forces are performing the mainte-
nance, such a delay may not be a problem.

The two-component canned foams also expanded and filled the voids
well but, like the single-component foams, produced a very rough surface
that had to be shaped. This froth foam will not only cure within I to
2 hours, but it also provides a better quality foam with better cell
structure than that obtained with the single-package materials. Because
of the short curing time, the two-component foams can be shaped with a
disc sander within 2 hours after application. As an alternative to
sanding, a relatively flat surface can be obtained by placing a piece of
plywood wrapped in polyethylene over the foamed patch as it is applied.
A weight can be placed on top of the plywood to hold it in place, and
the foam then rises against and conforms to the flat surface of the
weighted plywood. After the proper curing time (i.e., 24 hours for
single-component foam or about 2 hours for two-component foam), the
plywood can be removed and the foam patch coated with the proper coating
or caulking material.

If the canned foam is not available, PIJF or styrofoam boardstock
insulation appears to be an acceptable alternative. This is adhered to
the roof deck with caulking material, shaped (if required), and then
waterproofed or protected from the environment with either a suitable
coating or caulking material. This procedure has worked relatively well
for over 2 years in tests conducted at NCEL.
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Of the three methods mentioned, NCEL believes that the two-
component canned foams provide a better patch than either the single-
component canned foam or the foam boardstock. Among other factors, the
two-component canned foams provide a monolithic roofing system consisting
of essentially the same foam material as the original roof, although
these foams are generally of slightly lower density (i.e., less than
2 lb/ft3). The single-component foams are somewhat different chemically,
and the boardstock introduces a cold joint around the perimeter of the
patch.

* Shaping of the foam does give a sanded or cut foam surface without
the normal foam skin. As noted earlier, a sanded foam surface is normally
not recommnended except for small, isolated areas, since the coating over
a sanded surface is more easily damaged than a coating over a skinned
surface. It was observed in tests at NRC Clifton that when only two
coats of silicone coating were applied over the shaped surfaces, the
coating would start to deteriorate in a couple of years, while the

caulking material, which is similar but thicker, has held up very well
for up to 5 years. When coating is used over a sanded foam surface, it
should be applied in multiple coats to provide a minimum dry film thick-
ness of 35 to 40 mils. The coating would have to be applied over at
least a 2-day period, which could cause logistic problems. As a result,

'~ ~ NCEL favors the use of caulking materials for the patching operation,
which permits protecting the foam in one operation.

New, small, foam spray machines are currently available for small
N foam roof repairs. These machines, which have small canisters of the

two foam components on the unit. and require only a 110-volt power source
and low-pressure, low-volume compressed air (I cfm), provide the best
maintenance procedure because the two-component foam used is the same
quality as in the original roof. Where a base has a number of foam
roofs, such as on family housing, the procurement and use of this type
of equipment could be Mgst beneficial and cost effective. The Model
FF-111 Little Big Shot ,available from Gusmer Corp., is one type of
foam spray machine.

Phase 5

Results of the research to determine the adhesion of new silicone
coatings over weathered silicone coatings are presented in Table 7. The
single-component silicones were applied over weathered silicones that
had received one of four different surface treatments: (1) broomed,

(2) washed with water, (3) washed with moderate pressure water blasting
(i.e., 100+ psi), and (4) washed with detergent. A study of the adhesion
data in Table 7 suggests that brooming would normally be an adequate
surface preparation, although there is not much difference in the adhesive
values between the coatings applied over the four different surface

1. treatments. However, in certain heavy industrial atmospheres, oily
substances may be deposited on the roof, and washing with detergent may
be required to properly prepare the surface. There appears to be a
trend in which the adhesive values increase in each of the four cases.
The adhesive values, in fact, show a tendency to increase to the values
determined previously for the adhesion of this silicone coating to foam
(i.e., 9 to 10 kg/cm2 (Ref 7)). In this latter case, failure of the
system always occurred cohesively in the foam. In the current study
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(Table 7), failure was normally an adhesive failure between the new and

old coating. This is not serious because the adhesion of the new to old
coating appears to increase with time. While there have been some

*problems in the past with the adhesion of the single-component, moisture-
cured silicone to foam, a new base coat of this material has recently
been introduced that has incorporated an adhesion promoter. The new
base coat is expected to enhance the adhesive character of this system
and is being investigated.

FINDINGS AND CONCLUSIONS

1. A PUF roofing system can be easily maintained using methods and
materials described in this report.

2. A strong inspection and maintenance program can extend the time for
recoating as much as an additional 5 years.

3. When removing small areas of poor-quality, wet, or degraded foam,
the areas should be refoamed with conventional foaming equipment. If
this equipment is not available, repairs can be made using two-component
canned foam or foam boardstock. Any voids between new and old foam
should be caulked and the new foam surface protected with appropriate
caulking material or 35 to 40 mils of elastomeric coating.

4. If spalling of weathered elastomeric coating is distributed uniform-
ly over the roof and is less than 10%, the roof can generally be satis-
factorily recoated. In such cases, a tiecoat of primer recommended by

the coating manufacturer should be applied before recoating. While use
of the primer may or may not enhance the adhesion of the new coating to
the weathered coating, depending on the primer employed, it does appear
to improve the overall performance of the coating.

5. New sprayed PUF applied over an existing primer-coated foam system
has performed very well in these studies. While such a procedure is not
applicable in all cases, it can be used. Each application should be
considered on a case-by-case basis.

RECOMMENDATIONS

1. A strong annual inspection and maintenance program should be instituted
to prolong the life expectancy of foam roofs and extend the time between
recoating cycles.

2. The preliminary procedures specified in this report should be tested
in full-scale field trials to determine their effectiveness.

3. Coating a sanded foam surface is generally not recommended. However,
coating small, isolated areas (approximately 5 to 10 ft2 appears to
present no problem as long as the area is not a high traffic area and
the coating thickness is at least 35 to 40 mils.
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A 4. When refoaming over an existing coated foam roof, the roofing system

should be thoroughly inspected for roof defects to ensure that it is dry
(by means of a nuclear survey or other specialized inspection technique);
any wet or degraded areas should be removed, allowed to dry, and refoamed;
and the weathered surfaces should be cleaned and primed prior to refoaming.
Additional foam should not be applied over an impermeable coating or
over a silicone-coated foam roof.

ACKNOWLEDGMENT

The authors wish to express their appreciation to Materials Engineer-
ing Technicians Valente Hernandez and John Crahan and Physical Science
Technician Nathalie Milliken for preparing the test panels, conducting
the tests, and reducing the data for this report.

. REFERENCES

1. E. Wyatt and H. Torriello. "Good quality in roof construction,"
Engineering and Services Quarterly, Aug 1977.

-%

2. J.R. Keeton and R.L. Alumbaugh. Roofing survey of Navy shore bases,
%, Civil Engineering Laboratory, Technical Memorandum M-52-77-3. Port
14 Hueneme, Calif., Mar 1977.

3. H.W. Bushing, R.G. Mathey, W.J. Rossiter, Jr., and W.C. Cullen.
.' Effects of moisture in built-up roofing - A state-of-the-art literature

survey, National Bureau of Standards, Technical Note 965. Washington,
D.C., Jul 1978.

4. B.V. Jones. Laboratory and field investigations of new materials
* * for roof construction (progress report), United States Bureau of

Reclamation, Technical Report REC-ERC-76-4. Denver, Colo., Apr 1976.

5. J.R. Keeton, R.L. Alumbaugh, and E.F. Humm. Experimental polyure-
thane foam roofing systems, Civil Engineering Laboratory, Technical Note
N-1450. Port Hueneme, Calif., Aug 1976.

6. R.L. Alumbaugh, J.R. Keeton, and E.F. Humm. Experimental polyurethane
foam roofing systems - II, Naval Civil Engineering Laboratory, Technical
Note N-1656. Port Huenemc, Calif., Jan 1983.

7. R.L. Alumbaugh and J.R. Keeton. Investigation of spray-applied
polyurethane foam roofing systems - I, Civil Engineering Laboratory,
Technical Note N-1496. Port Hueneme, Calif., Jul 1977.

8. K.H. Coultrap. Principles of urethane foam roof application, Civil
Engineering Laboratory, Purchase Order Report PO 79-MR-461. Tempe,

-Ariz., Coultrap Consulting Services, Inc., Jun 1980.

18



9. Sprayed polyurethane foam roofing system, Naval Civil Engineering
Laboratory, Techdata Sheet TDS 82-17. Port Hueneme, Calif., Oct 1982.

10. Specification data and buyers guide for fluid applied roof systems,
Urethane Foam Contractors Association. Dayton, Ohio, Jan 1981.

11. R.L. Alumbaugh and J.R. Keeton. Interim procedures for maintenance
of polyurethane foam (PUF) roofing systems, Civil Engineering Laboratory,
Technical Memorandum M-52-79-04. Port Hueneme, Calif., Sep 1979.

%

, 1

4 't

,%.1



r= .

(u w j

-4. w~ mf~ Cu4w E E (U0 0) c Cu(
S v 0~u0 Q) j V ~ 0 M-4 00 z0 0 0 C-e

4) 4.. .4-4 4 c 4~ j ) a 0 -4 0. Q Q) U* 'a4 ( -~
41J -4 4 G a; m0. -4 "..a 00 > L4~ C X j.L- 0
w V)4U 0 4 o 0 m Q., -4 41 w a)m "

9L1 4-1 J0.J = ~ WJ wu :):C aC '4 -4r 4j

0 C000 0 ~ 0uU -4 Q)J4-40U 0V.w L. a 0

41 -4 =CIwCm 4j .0CuI w m w a r > =-4 "a m =3
.,44

4
-4 mu 0 m 4 4 * *J 4- 4 aC bd m 00

c V000C.10 4-4 4 -) *J 00 J 0. W 0U * 00 00 C EC
C-4 0 0 Cu u Q 0 E~ c 1- C: Q.u" _wa a -. :4

0. Cu4 .1 0 4 0U -.1 - M (U-4 u a - C 0 . V C 0 C:-m

4p 0 cn 0 (n mr- J0 ~ 0 w A0m.1.m O 0OS u m 'J
C:4 0 > .M -,404 >, - 41 0. =f'. L 0 0~ 0i- r .In. 0 ~' 0-)w

C:G V - 0 0
.,4 0) '.7 00 '

0o m
0ox -n 0~

-4 004 C 0 04~

E-4 _____V)

CuQ
0.4 -4W -

4- UJ. --MJ-.

0i 020

04 0

41-

00 0I 0JW

*4. .
CC u -4- '- CJ

cc' Ni C4 040c

o -4 4-

II 0
4

.4 N C

r-4~0 4 U

0 .14 39 41 -4>
C 4 -4 m 0LO

u 0)0
4J ~ ~ ~ ~ -4-4)-14

0) 4 Cu m Cu Cuw41V

0 4 0 =CO 0 ww
r4 Aj -4 I QJL u- 41 w-4 :300 ~ 00 m a
WI c0 M4 O~C0 2 .41

41. (A 41 ru Ea-4 4). 0)4.4

4.0* mC 0C0~ m.0 4.400
-4 .. 0 -- 1 N r= Cum

4) ~ 0 0), UO L0 r

- N41 . 4C-)2 r= ~ w LwI V (
C z am m0 :3-4=-4 4.4

-4 C 2-H U) 4j 0- 1L

.4 C Cu0 0

___a)_ C:

51F4 0.

20



.

Table 2. Description of Maintenance Procedures - Phase 1

4,-.. .. .... .

System Description Original System

Number of Procedure Primer [ New loamt ,,, R-n- k'
Number Description

IF-I Broom and coat 3-1 2.0-lb/ft
j 

foam; None None (~a, I
butyl-hypalon coating

IF-2 14-9 2.5-lb/ft
3 

foam; None None Gao U-66
moisture-cured urethane

2F-I Broom, prime, and 14-6 2.5-lb/ft
3 

foam; Plas Chem None Gaio 11-b
coat moisture-cured urethane 9002-IFR

SBoa surethane

3F-1 Broom, sand some 0-1 2.0-lb/ft3 foam; None None Gaco U-66 O7 ,

portions, and catalyzed urethane sarldt
coat

3F-2 10-3 2.0-Ib/ft' foam; None None Gaco [-66 '10 ,f ,
catalyzed urethane sanded

. 3F-2 14-3 20-lb/ft
3 

foam; None None Gaco 11-66 140% of fa l
catalyzed urethane sanded

4F-I Broom, sand some 10-4 2.0-lb/ft foam; Plas Chem None Gaco U-66 <30 of panel
portions, prime, catalyzed urethane 9002-IFR sanded
and coat urethane

4F-2 14-8 2.5-lb/ft
3 

foam; Plas Chem None Gaco U-66 <10% of ainel
moisture-cured urethane 9002-IFR sanded

urethane

-'5 5F-I Sand entire panel 14-1 2.0-lb/ft
3 

foam; None None Gaco 11-66
and coat moisture-cured urethane

* 6F-1 Sand entire 14-4 2.0-lb/ft
3 

foam; Plas Chem None Gaco li-66
panel, prime, and moisture-cured urethane 9002-IFR
coat urethane

7F-I Sand entire 3-3 2.0-lb/ft
3 

foam; None Witco Gaco U-66
panel, foam, and butyl-hypalon coating SS-0125A(
coat SS-0126B

(3.0 lb/ft')

8F-I Sand entire 3-4 2.0-lb/ft
3 

foam; Plas Chem Witco Gaco U-66
panel, prime, butyl-hypalon coating 9002-IFR SS-0125A/

_% ,% foam, and coat urethane SS-0126B
J (3.0 Ib/ft'

)

a Gaco U-66 is a catalyzed urethane elastomer system produced by Gaco-Western, Seattle, Wash.
b Plas-Chem 9002-IFR is a catalyzed urethane primer produced by Plas-Chem, St. Louis, Mo.

cwitco SS-0125A/SS-0126B foam is a product of Witco Chemical, New Castle, Del.
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a
Table 3. Description of Maintenance Procedures Phase 2

System Description Original System Primer New Foam
Number of Procedure Description

9F-1 Broom and coat TT-P-95 coating over None None
and Witco SS-0125A/SS-
9F-2 012 6 Bb foam (3.0

lb/ft
3
)

N 1OF-1 Broom, prime, and TT-P-95 coating over United None
and coat Witc. SS-O125A/SS- 838 butyl
1OF-2 0126B foam (3.0

lb/ft
3 )

IlF-1 Brush and coat TT-P-95 coating over None None
and Witco SS-0125A/SS-
1F-2 0126B foam (3.0

ft/lb 3)

12F-1 Brush, prime, and TT-P-95 coating over United None
and coat Witco SS-0125A/SS- 838 butyl
12F-2 0126B foam (3.0

lb/ft
3
)

13F-I Brush, foam, and TT-P-95 coating over None Witco
.. and coat Witco SS-0125A/SS- SS-0125A/

13F-2 0126B foam (3.0 SS-01268
lb/ft 3) (3.0 lb/ft3)

14F-1 Brush, prime, TT-P-95 coating over United Witco
and foam, and coat, Witco SS-0125A/SS- 838 butyl SS-0125A/
14F-2 0126B foam (3.0 SS-0126B

lb/ft
3
) (3.0 lb/ft

3
)

15F-I Sand and coat Weathered, uncoated None None
and foam - Witco SS-15F-2 0125A/SS-0126B (3.0

lb/ft
3 )

16F-I Sand, prime, and Weathered, uncoated United None
and coat foam - Witco SS- 838 butyl

16F-2 0125A/SS-0126B (3.0
lb/ft

3 )

17F-I Sand, foam, and Weathered, uncoated None Witco

and coat foam - Witco SS- SS-0125A/
17F-2 0125A/SS-0126B (3.0 SS-0126B

4, lb/ft3 ) (3.0 lb/ft 3
)

18F-1 Sand, prime, Weathered, uncoated United Witco
and foam, and coat foam - Witco SS- 838 butyl SS-0125A/
18F-2 0125A/SS-0126B (3.0 SS-0126B

lb/ft
3 ) (3.0 Ib/ft 3 )

a
The new coating system for this phase consisted of two coats of Diathon at 1-1/2 gal/sq/coat.
Diathon is a product of United Coatings, Spokane, Wash.
bwitco foam is a product of Witco Chemical, New Castle, Del.

%5. CUnited 838 butyl primer is a product of United Coatings, Spokane, Wash.

2
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Table 4. Performance Ratings for Polyurethane Foam (PUF) Maintenance Systems

S New Foam Performance Ratings on We-ithiring

Number Maintenance Procedure Py,;::(lb/ft 4.', _o Ir 2 rr

Phase I

IF-I Broom panel and coat none none VG-G VG-G VG-G VG-G G

1F-2 none none G P-F F F F F
2F-1 Broom panel, prime, and none none E VG G G U P

coat
3F-I Broom panel, sand some none none E-VG VG VG-G VG-G VG-G VG-G

portions, and coat
3F-2 none none VG VG VG VG VG VG
3F-3 none none VG VG-G G G P F
4F-1 Broom panel, sand some urethane none VC VG VG VG VG-G G

portions, prime, and
coat

4F-2 urethane none VG VG VG VG VG VG
5F-I Broom, sand entire panel, none none E E E E 1 E K

and coat
6F-I Broom, sand entire panel, urethane none E E E E E F

prime, and coat
7F-I Broom, sand entire panel, none 3 E E E E F F

foam, and coat
8F-I Broom, sand entire panel, urethane 3 E E E E, E E

prime, foam, and coat

Phase II

9F-I Broom panel and coat none none E E F F
,OF- Broom panel, prime, and butyl none E F F

coat
I lF-l Brush panel and coat none none E F F F F
12F-I Brush panel, prime, and butyl none E E F E F

Coat
13F-I Brush panel, foam, and none 3 E E E E E -

coat
14F-I Brush panel, prime, foam, butyl 3 E E E E F

and coat
1SF-I Sand entire panel and none none E E F E E

coat
' 16F-1 Sand entire panel, prime, butyl none E E E E F

and coat
17F-I Sand entire panel, foam, none 3 E E E I F F

and coat
19F-I Sand entire panel, prime, butyl 3 E E E E F

foam, and coat

aperformance ratings were assigned as follows:

E = Excellent. The system is performing without any noticeable deterioration.
VG = Very Good. Only very minor deterioration of the system.
G = Good. Although the maintained PUF systems show deterioration, it is not serious.
P = Poor. System deterioration is serious. Remedial action will be required in the

'_p near future.
F = Failed. Deterioration of the system has advanced to the point of requiring immediate

maintenance.
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Table 6. Adhesion of New Foam to Old Foam-
With and Without Primer

Adhesive Properties for
Exposure Times of--

System Weathered Foam Primer 2.5 Years 4 Years
Number Treatment Type ____ _______

Stress Moea Stress Mode a
_ _ _ _ _ _ _ (psi) Moe (psi) _

Phase I

7F-1 Broomed, sanded, none 22- 2
* and foamed

8F-1 Broomed, sanded, urethane 26- 2
primed, and
foamed

Phase II

13F-2 Brushed and foamed none 22.6 1 361
14F-2 Brushed, primed, butyl 26.7 2/3/4/5 44 2/4

and foamed
17F-2 Sanded and foamed none 18.3 1 38 2/1
18F-2 Sanded, primed, and butyl 34.2 5 42 4/2

foamed

aPiipa mode of failure.

1. Adhesive failure of new foam to old foam.
2. Adhesive/cohesive failure with old foam.
3. Adhesive failure of primer to old foam.
4. Adhesive failure of new foam to primer.
5. Adhesive/cohesive failure within new foam.
6. Bond of old foam to primed plywood.
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Table 7. Adhesion of New Silicone Coating to
Weathered Silicone (Phase 5) a

Adhesive Properties for
Exposure Times of--

System Original
mb Surface Treatment Initially 6 Months Coating

Number System

Stress c Stress c
(kg/cm

2 )  (kg/cm
2) Mode

19F-1 Thoroughly broomed to 5.5 2 8.9 2/1 Dow Corning 3-5000
remove adhered dirt exposed at China

Lake, Calif., for

8 years. System
in excellent con-
dition.

19F-2 Thoroughly broomed, 6.2 1/2 7.4 2/1 Dow Corning 3-5000
washed with water, and exposed at China
dried completely Lake, Calif., for

8 years. System
in excellent con-
dition.

20F-1 Washed with a pressur- 7 2/1 8.6 2 Dow Corning 3-5000
ized water (- 100 psi) exposed at Pickel
spray and dried Meadows, Calif.,
completely for 8 years.

System in
excellent con-
dition.

20F-2 Washed and scrubbed 6 2/1 7 2/1 Dow Corning 3-5000
with trisodium phos- exposed at Pickel
phate detergent, Meadows, Calif.,
rinsed with clean for 8 years.
water, and dried System in

completely excellent con-
dition.

a The recoat system consists of two coats of Dow Corning 3-5000 applied at I gal/100 ft2 /coat.

Systems 19F-l and 19F-2 and 20F-1 and 20F-2, respectively, were each applied to one-half of
the panel.

c Predominant modes of failure in tension were:

1. Adhesive failure of probe to new coating.
2. Adhesive failure of new coating to old coating.

26

faN;S"



(a) Butyl-hypalon coating (systems 3-4, 3-3, and 3-2).

x 41W

54ii 0iOle

() Aluminum-filled, hydrocarbon-modified, catalyzed urethane coating
(systems 10-1 10-3 and 10 4

Figure 1. Condition of weathered panels included in Phase 1.
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(c) Moisture-cured urethane coating (systems 14-1, 14-3, and 14-4).

rf .S

414

(d) Moisture-cured urethane coating (systems 14-6, 14-8, and 14-9).

Figure 1. Continued

28
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(a) Removal of deteriorated foam/coating with a disk sander.

. L ft. 
-.

(b) Removal of deteriorated foam with a Gusmer Foam Plane.

Figure 3. Mechanical removal of deteriorated coating/foam.
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Figure 4. Removal of degraded foam/coating with a heavy-duty disk

2sander (NAS Lemoore).

Figure S. Applying an additional 1-1/2 inches of spraiyed1 loam to saildO(1

and primed foam stirface.



Figure 6. Overview of refurbished polyurethane foam roof with urethane
coating and mineral roofing granules (NAS Lemoore).

AI

I .

40

(a) Old foam is cut out.

Figure 7. Patching polyurethane foam (PUT) roofs with canned foam or
boa rdstock.
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(b) Edge of cut is beveled and all debris is removed.

(c) PUT roof is patched with canned foam.

Figure 7. Continued
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(d) New foam patch is shaped with a knife.
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(f) Sanded foam is protected with coating or caulking
and. where required, roofing granules.

(g) Patch using boa rds tuck is ad;he red toe

U roof deck with cail king mate(rid i.

Figure 7. Cont i nued



(h) Perimeter of patch is caulked.

()Foam patch is protected with caulking materifil.

Figure 7 . Corit i fluJCd



7r777 717 .-.

L&

I-

(b Phtoacog p (-4 in.f2).

Fiur 8. ,'v We tee. oitr*trdue&Jeco~dfampe-a-e
brom n -s se .IF-t2)# .



0:1

44'~~
-'.4'

.4-4
.4

C
444~

2-

1'
.1 -4. 4-'-

' '

(a) Full panel view.

I
Pb

S.1 4

A 4

II.

Ix

C, (b) Photomacrograph (-4 inti
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(a) System IF-2 after weathering for 1 year. Note water and spongy
foam when pressed.

Ilk,

(b) System 1F-2 overview after weathering for 5 years. System hiad
failed.

% Figure 10. Comparison of systems 1F-2 and 2F-1.
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(c) System 2F-l overview. This system with primer is performing better
than system IF-2 without primer.

Figure 10. Continued

(a) Full panel after sanding.

Figure 11. Weathered uncoated control maintained by sanding, priming,

and coating with Diathon (system 16F-2).

140(
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(b) Full panel after priming.

(c) Full panel after coating with Diathon.

Figure 11. Continued
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(d) Photomacrograph of coated panel (--4 in. 2).

Figure 11. Continued
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Appendix

PRELIMINARY GUIDELINES FOR MAINTENANCE OF
POLYURETHANE FOAM (PUF) ROOFING

2 The following guidelines (in NAVFAC specification style) are
presented for maintaining PUF roofs requiring repair. This guidance is
based on research on a limited number of deteriorated 2- by 4-foot PLJF
roofing samples reported herein and optimum procedures observed in the
field and are, thus, of a preliminary nature. The procedures designated
below will become established guidelines after they have been tested in
full-scale field operations and found to be effective under those
conditions.

1.0 Annual Preventive Maintenance

In order to obtain maximum performance from a PUF roofing system, a
continuous preventive maintenance program with annual inspection and
repair should be established. The annual repair should be carried out
in conjunction with the annual inspection. This should consist of a
thorough visual inspection of the entire PUF roofing system for overall
performance and for both large and small defects in the system. A good,

A strong, preventive maintenance program should extend the life expectancy
of the foam's protective coating system an additional 2 to 6 years
before recoating is necessary.

1.1 Repair of Small Defects

Small defects in the coating or foam should be maintained during
the annual inspection. This should include isolated instances of breaks
in the coating attributed to cracking, flaking, or spalling, or ruptured
blisters exposing the underlying foam. Minor defects can normally be
repaired by cleaning all deteriorated material, dust, and dirt from the
defective area and sealing with a silicone, urethane, or an acrylic
caulking material dispensed from a caulking gun. The caulking material
should be applied carefully so it extends beyond the defect onto the
surrounding existing coating. Repair of small defects prevents them
from becoming major problem areas.

1.2 Repair of Slightly Larger Areas

S. Inspection of a PUF roofing system will occasionally detect small,
isolated areas of poor-quality foam, foam that has been mechanically
damaged, or foam that is wet. Such areas that are about 1 ft2 or larger
should have the affected foam cut out and removed, and the area (including
the coating) surrounding the cutout should be cleaned, allowed to dry,
primed if necessary (see paragraph 2.2), and the foam replaced either

A-1
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with two-component canned foam or PUF or other insulation board. When
the two-component canned foams are used, the edges of the foam surround-
ing the removed area should be beveled, cleaned, allowed to dry, and
then refoamed. The void should be filled about one-half to five-eighths
full of froth foam directly from the canned foam containers. Once the

'4.. canned foam has been applied, it can be molded (paragraph 1.2.1) or
sanded (paragraph 1.2.2) to conform to the approximate shape of the
surrounding foam. The insulation board can also be sanded to conform to
the surrounding foam. The repaired foam should be protected with 35 to
40 mils of the appropriate coating material or a thick coat of silicone,
urethane, or acrylic caulking compound spread with a putty knife or
brush. This coating or caulk should extend at least 1 inch onto the
existing coating surrounding the patched area.

1.2.1 Molded Froth Foam Surface. A polyethylene-wrapped piece of
plywood is placed over the void and weighted immediately after the froth
foam has been introduced, and the foam is allowed to expand against and
conform to the flat surface of the plywood. The foam should cure from 1
to 3 hours before coating.

1.2.2 Sanded Froth Foam Surface. The foam is allowed to rise
unobstructed, and the surface is then shaped by slicing off high areas
with a flat cutter and sanding flush with a power disk sander. All

~. ~ loose material should be removed from the surface before applying the
caulking compound. The foam should cure from I to 3 hours before sanding

V and coating are attempted.

1.2.3 Insulation Board. If the roof deck is smooth rather than
irregular, as with some metal decks, a patch can be made using PUF or
other insulation board of the same approximate thickness as the PUF
roofing system. The insulation board should be cut to the approximate

'4 size of the void in the sprayed PUF, several. beads of caulk should be
placed on the roof deck and around the edges of the void, and the insu-
lation should be pressed into the caulking material. If the insulation
board is thicker than the sprayed foam roof, the board surface can be
sanded flush using a disk sander. The surface of the insulation board
should then be sealed with a thick coat of caulking compound as specified

'4 I in paragraph 1.2.

2.0 Longer Term Preventive Maintenance

~ .4~All of the elastomeric coating systems used to protect PUF from the
weather must be recoated periodically to obtain maximum performance from
a PUF roofing system. Thus, the overall condition of the elastomeric
coating system must be determined during the annual inspection. In the

-~ absence of an annual inspection and a recoating program within the
proper time frame, generally 6 to 12 years, the foam roofing system may
fail prematurely.

If the existing coating is weathered and shows signs of deterioration
but is mostly intact and well bonded (i.e., less than 10% of the coating
has spalled), the coated foam can usually be cleaned and recoated with a

A-2



suitable elastomeric coating system. Any flaking or spalling of the
coating is usually localized in a few areas rather than spread uniformly
around the roof.

2.1 Cleaning

The roof surface should be thoroughly cleaned, preferably with a
power broom or manually with a rattan or similar stiff-bristled push
broom. The brooming should be sufficiently vigorous to remove all

*; chalk, dirt, deteriorated coating, degraded foam, or other contamina-
tion. Following the brooming, all loose materials should be removed
from the roof surface by vacuuming or blowing off with dry compressed
air.

2.1.1 Washing. Washing of a weathered coating on a foam roof
should be avoided if at all possible because of the possibility of water
absorption by exposed foam. However, the silicones and certain acrylic
elastomers exhibit a tackiness that tends to retain dirt and other
contaminants, requiring removal by washing. If this surface contamination
is not thoroughly removed, the new coating may exhibit poor adhesion to
the existing weathered coating. If a thorough brooming does not remove
this tenaciously held dirt and soil, the coating should be scrubbed
clean with a solution of TSP in water. All of the residue should then
be rinsed from the roof with clean water and all excess water removed by
vacuuming or blowing off with air. The roof surface should be thoroughly
dry before the recoating operation begins. Prior to any washing operation,
the coating manufacturer should be contacted for specific recommendations.

2.2 Priming Before Recoating

Priming may or may not be required before recoating. This decision
needs to be made on a case-by-case basis. In instances where it is
difficult to determine if all adhered dirt or chalking has been removed,
or if there is some doubt about the surface condition of the existing
coating, the surface should be primed with a tiecoat recommended by the
manufacturer of the new coating. If the existing coating is in good
condition, clean with no evidence of adhered dirt or chalk, the surface
need not be primed unless recommended by the manufacturer of the new
coating.

2.2.1 Where small spots of the coating not exceeding about 10% of
the roof area have spalled, a primer should be applied to improve the
performance of the new coating system. This is effective in minimizing
cracking of the new coating in surface transitions from foam to coating.

2.3 Repairs

Any defects in the coating or foam should be corrected prior to
recoating in accordance with paragraphs 1.1 and 1.2.
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2.4 Recoating

After the surface has been properly cleaned and repaired, it should
be recoated. The coating system selected should be a high-quality
elastomeric coating for foam and should be applied in at least two
coats, in a "cross-hatched" manner, to give a minimum total dry film
thickness of 30 mils or at the coverage recommended by the manufacturer
for a new foam surface if greater than 30 mils.

3.0 Major Maintenance and Repair

If deterioration of the existing PUF roofing system is more advanced
and more than 10% of the coating has spalled relatively uniformly over
the entire area, thereby exposing the foam, it is usually necessary to
remove all coating and deteriorated foam until a foam surface of good
quality is obtained. The types of advanced coating deterioration could
include flaking or spalling, excessive blistering, excessive pinholing,
cracking (due either to normal coating deterioration or hailstone damage),
peeling, or extensive loss of adhesion to the foam. The cleaned, exposed
foam surface should be thoroughly inspected to be certain that all
degraded or poor-quality foam and coating have been removed and that the
remaining foam contains no wet areas. Additional foam is then applied
and the new foam surface coated with a suitable elastomeric coating
system.

3.1 Removal of Larger Areas of Deteriorated Foam

If a larger area (over 15 ft2) of foam is badly degraded, of poor
-o,4 quality, mechanically damaged, or wet, the foam in question should be

removed. The edges of the foam on the perimeter of the patch area
should be beveled with a disk sander; the area should be primed, if
necessary, and then refoamed; and the foam surface should be coated with
a suitable elastomeric coating system. Refoaming of these larger areas
should be done with regular foam spray equipment rather than the canned
froth foam. Such removal and refoaming should be done in conjunction
with the total maintenance of the roof (paragraphs 3.2 to 3.5).

3.2 Removal of Deteriorated Coating and Foam

If the coating is sufficiently friable, the removal of deteriorated
coating and foam can be achieved using a power disk sander. Some coatings,
such as the urethane elastomers, retain a degree of their original
toughness and abrasion resistance even though badly deteriorated. In
such cases, the deteriorated coating and foam must be removed with a
modified power lawn mower, a built-up roof spudding machine, or some
other suitable method of mechanical removal. Following removal, if the
foam surface is excessively rough, the surface must be sanded lightly to
provide a smoother substrate for application of additional sprayed PUF.

3.2.1 Sanded Foam Surface. The sanded and cleaned foam surface
should not remain exposed overnight because it might absorb moisture.
It is preferable to leave the newly sprayed foam exposed uncoated over-
night rather than the sanded foam surface. Therefore, only that amount
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of deteriorated coating/foam should be scarified that can be cleaned and
refoamed the same day. If the sanded foam surface must remain exposed
overnight, it must be determined to be thoroughly dry by using a resistance-

* . type moisture meter before application of additional foam is permitted.

3.3 Cleaning of Sanded Foam Surfaces

Following the sanding operation the sanded foam surface should be
thoroughly cleaned to remove all dust, dirt, or debris by vacuuming or
blowing off with dry compressed air. The cleaned surface should be
closely inspected to determine that no foreign matter remains that might
adversely affect the adhesion of the new foam to the existing sanded
foam surface.

3.4 Priming Sanded Foam Surface

Priming of the cleaned, sanded foam surface before foaming, although
not absolutely necessary, does enhance the adhesion of new to sanded
foam. If a prime coat is recommended by the foam manufacturer, these
recoimmendations should be followed. This generally involves the use of
a light tiecoat.

3.5 Application of Additional Foam

An additional 1/2 inch or more of new PUF should be sprayed over
the existing sanded foam surface. The thickness of new foam to be
applied is dependent on the thickness of old (but acceptable) foam
remaining and the required insulation thickness. The final foam thick-
ness (old plus new) should be at least 1 to 1-1/2 Inches.

3.6 Coating of Refoamed Surfaces

The newly foamed surfaces should be coated with a high-quality
elastomeric coating system in the same manner and coverage as that
recommended for a new P1W roofing system. The minimum recommended
coating thickness is 30 mils dry, and the coating should be applied the
same day that the foam is applied. If "same-day coating" is not possible,
the new foam should be coated the following day or within 72 hours at
the very latest.

3.7 Foaming Over Weathered Coating

New foam can be applied to a weathered coating of an existing foam
roof in some cases. Each application must be considered on an individual
basis. When considering applying new foam over a weathered coating,
(1) a specialized roof moisture survey should be conducted to establish
that the existing P1W roof is dry; (2) the existing P1W roofing system
should be thoroughly inspected for roof defects; (3) any wet or degraded
areas should be removed, the affected areas allowed to dry, and the
removed areas refoamed; (4) the weathered coating surfaces should be
thoroughly cleaned and primed; and (5) the new foam and quality elasto-
meric coating should be applied. Additional foam should not be applied
over an impermeable coating or over a silicone-coated foam roof.
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4.0 Complete Removal of Foam Roof Versus Major Maintenance

In the case of advanced foam roof deterioration, it may he
necessary to remove the foam completely from the substrate iii prepara-
tion for reroofing. Before the decision for complete removal and
reroofing is made, however, the existing PUT roof should be thoroughly
examined to determine the full extent of deterioration. It is possible
that a sufficient quantity of acceptable-quality foam remains to make it
economically feasible to remove only the degraded portion and refoam as
described in paragraph 3.7. If this is the case, it should be determined
that the existing good foam is not wet before a final decision is made.
This assessment can best be made with a nuclear moisture meter survey of
the roof.
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